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Do 
Introduction Do 

0 
Recently, ::Jo Fraser ::Jo River ::Jo sockeye ::Jo populations ::Jo havhoS:m m:renf ::::r:fficBrtqnare:aoJ!Jatyo =:IMJ1 
proponents o of ::Jo mining o projects ::Jo in ::Jo Bristol o Bay, ::Jo who ::Jo cite ::Jo Fraser o Ri' 
of ::Jqe:Kffll:Qce' o between o mining ::Jo and o fisheries ::Jo (Joling ::Jo 2011). o o Due o to 
and o biological :Jo nature, ::Jo as ::Jo well t:::mJ0.3eIDil9.1asflpf:::IOfiltffimnization :Jo and :Jo industriali 
the o two ::Jo systems ::Jo make :Jo an ::Jo unlikely o comparison. ::Jo o However, o the o cu 
River :Jo system o with ::Jo impaired ::Jo water ::Jo quality, ::Jo human ::Jo development, ::Jo change~ 
and o prey ::Jo bases, o and ::Jo aB.matff'esil@ltlhilnge inoOID the ::Jo lowest ::Jo productivity ::Jo of ::Jc 
sockeye ::Jo in ::Jo over ::Jo fiffiy ::Jo years. ::Jo ::Jo 

::Jo 
Fraser :Jo River :Jo sockeye ::Jo salmon :Jo populations ::Jo are ::Jo suffering :Jo from ::Jo myriad ::Jo 
with o urban o and :Jo industrial :Jo development, :Jo leading :Jo to ::Jo draryatfro o decreases : 
multiple ::Jo fisheries o closures, ::Jo and ::Jo federal ::Jo and ::Jo international ::Jo population :Jo list 
there :Jo are :Jo stressors o from ::Jo contamination o (from o mining, o wood :Jo product c 
facilities), :Jo introduced ::Jo predators, o and ::Jo increased ::Jolnivem lliHempenuaniB£ Do afilfl :Jo 
marine :Jo environment, ::Jo stressors :Jo are o related :Jo to ::Jo household ::Jo and ::Jo industrial 
of ::Jo habitat, ::Jo and ::Jo warmer ::Jo marine ::Jo water ::Jo temperatures. 

0 
While :Jo the ::Jo blame ::Jo for ::Jo the ::Jo declines :Jo simply ::Jo cannot :Jo be o pointed :Jo in ::J 
current o state ::Jo of :Jo Fraser ::Jo River o sockeye o is :Jo unfortunately ::Jo another ::Jo disas1 
co1ex@:Qce ::Jo of ::Jo human ::Jo development Do and ::Jo salmon. 

:Jo 
Status Do of Do Fraser Do Rim Do salmon 

Do 
The ::Jo Fraser ::Jo River o is ::Jo known o as o one :Jo the Co greatest :Jo salmon ::Jo rivers :Jc 
Canada's ::Jo largest ::Jo salmon ::Jo producer ::Jo (Burgner ::Jo 1991D}1cmwylliit&:>cReyajr~almon ::Jo 
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are tBl® Do most Do commercially o valuable o species ::Jo in Do the Do Fraser, Do and Do gener 
millions ::Jo of ::Jo dollars Do annually ::Jo un~Ern the 2Dtl19.idDOio'I8<Jfis o recent Do decades, Dot 
total Do runs Do of ::Jo sockeye, Do productivity ::Jo (recruit ::Jo per o spawner), Do and ::Jo comm 
wide o fluctuations, o and Do ultimately o significant o declines Do (Pacific o Salmon ::Jo C01 
2011). Do Do Productivity Do is o ~~o~t :::IffiinrlicatiraM Do popuclirtignSJOJo are Do b 
replacing o themselves o (Figure ::Jo 1, 'Jo Peterman Do et Do al. o 2010). Do Do Low ::Jo rett: 
closures ::Jo in o the Do last Do 6 o of Do 11 Do years, ::Jo including ::Jo three Do consecutive 
when Do total Do runs Do failed o to o exceed o two Do million Do fifillnnmffi~Rigurro Do 1, Do I 
data). Do 

Do 

10 
Total Fraser River sockeye productivity 

(Returns/Spawner), 4-yr avg. 

o+-~--T~~.....-~--T~~--~--.~~-.-~--.,_. 

1952 1960 1968 1976 1984 1992 2000 2008 

Return year 0 . 
Figure :Jo 1. :Jo :Jo Total :Jo Fraser :Jo River :Jo sockeye :Jo returns :Jo (top) ~itG:Mmnuieg ::JID+ :Jo escapen 
average :Jo of :Jo total :Jo adult :Jo returns :Jo per :Jo spawner :Jo across :Jo all :Jo Fraser :Jo River :Jo sockeye 
minor :Jo jacks :Jo component) li}tl IIMdtHI 06 spawners :Jo 4 :Jo years :Jo before. :Jo :Jo The :Jo horizontal :Jo 
indicates :Jo the :Jo productivity :Jo at :Jo which :Jo the :Jo population :Jo can :Jo replace :Jo itself, :Jo i.e., :Jon 
Salmon :Jo Commission :Jo data :Jo in :Jo Peterlllilll :Jo et :Jo al. :Jo 2010. 

0 
During Do the ::Jo most Do recent DGi.tlflnseOvJatWm,v;::JOJtlthe Do International ::Jo Union o for Do ti 
Conservation o of ::Jo Nature Do (IUCN) o categorized Do 5 o of Do 11 Do Fraser Do River ::Jo 
threatened: Do Do one ::Jo as Do Critically Do Endangered, Do three Do as Do Endangered, Do and 
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(Rand :Jo 2008). :Jo :Jo Cultus o .huke i 1(IDimc:Ke)teeD:lrnabwer :Jo Fraser :Jo are :Jo designated 
by :Jo the :Jo Canadian o government :Jo Committee :Jo on :Jo the :Jo Status :Jo of :Jo Endangere 
(COSWEIC; :Jo DFO :::Jo'2lH1). 

0 
Prodigious :Jo research :Jo into :Jo causes :Jo of :Jo the 'Jo declines :Jo includes :Jo an :Jo ongoing 
federal :Jo jiR:licfJo inquiry. o :Jo To o date, :Jo results :Jo suggest :Jo salmon :Jo and o their :::J 
from o a :Jo multitude :Jo of o stressors. :Jo o The :Jo following :Jo discussjrui~F-Gl summarizes 
reviewed :Jo and :Jo gray :Jo literature o on :Jo the :Jo Fraser :Jo River o sockeye o declines, 
brief :Jo comparison :Jo of o the :Jo Fraser o River :Jo with :Jo the :Jo world's :Jo largest :Jo srn 
system, o the o Bristol :Jo Bay o watershed :Jo in :Jo southwest o Alaska. =:Jo :Jo This o dis 
results :Jo emerge :Jo from :Jo the :Jo Cohen :Jo Commission :Jo federal :Jo iruq\.liry, :Jo currently = 

Fraser Do Riye;hiwafer Do environmelii6 
:Jo 

Contaminants Do 
0 

MacDonald o et :Jo al. :Jo (2011) :Jo systematically :Jo evaluated 'Jo over Do 200 o aquatic :Jo c 
Fraser o River :Jo basin :Jo in :Jo addition :Jo to o potential o exposure :Jo and Do harm o t< 
study :Jo indicates :Jo contaminatl.ml • i lffiwatfir Do and :Jo sediment, =:Jo as o well :Jo as :Jo accumt 
contaminants Do in :Jo fish :Jo tissue, o could o pose :Jo hazards :Jo to Do spawning, :Jo rearin~ 
Primary :Jo elements Do of :Jo concern :Jo were :Jo pH, :Jo total o suspended :Jo solids o (TSS), 
(nitrate, :Jo nitrite, Do~rus)pliJo major :Jo ions :Jo (chloride, :Jo fluoride, :Jo and :Jo sulphate), 
(aluminum, :Jo arsenic, Do boron, :Jo cadmium, o chromium, o cobalt, :Jo copper, :Jo iron, :Jo le.: 
selenium, :Jo and :Jo silver), :Jo and :Jo phenols. :Jo oifmtitlmtidfu;e~ffi,3J©,8 
equivalents :Jo occurred :Jo in :Jo salmon :Jo eggs :Jo at :Jo concentrations :Jo that o may 'Jo adv 
reproduction. :Jo o Data :Jo were 'Jo insufficient :Jo to :Jo thoroughly Do examine :Jo impacts :Jc 
disrupting :Jo chemicals :Jo such 'Jo as :Jo pharmaceuticals, o personal o care :Jo products, :Jo i1 
pesticides, fifilganic :Jo and :Jo organometallic o compounds, :Jo and :Jo biogenic o compounds : 
2008), :Jo though :Jo authors o concluded :Jo they :Jo undoubtedly o were :Jo entering o the = 
likely o have :Jo impacts Do on :Jo sockeye :Jo development Do and o reproduction. o o For 
occurrence o of :Jo femirli:zeilo:SOalreye :Jo salmon :::Jo (MacDonald :Jo et :Jo al. :Jo 2011) :Jo is :Jc 
exposure :Jo to :Jo endocrine :Jo diiftupters. :Jo :Jo 
co 

Sources :Jo of o contamination =:Jo are :Jo numerous. :Jo Twenty o eight ::Jo major :Jo mines :::Jo 
placer :Jo mines, :Jo 10 :Jo pulp Do and :Jo paper o mills, GB.BB Do sElmnilIB') W:ooply1MD>pdoillfi:tnil 
facilities, :Jo 15 :Jo wood :Jo preservation :Jo facilities, :Jo 17 o cement :Jo and :Jo concrete o fa 
processing :Jo facilities, o 37 :Jo municipal o wastewater ::Jo treatment :Jo plants, :Jo 37 :Jo salrn 
facilities :Jo (Appendix Do 1), :Jo 83 Do municipalnofillH)dOOisan.ehml.trTh'.l rillfuhafacturing :Jo 
facilities, o as :Jo well :Jo as :::Jo the :Jo oil :Jo and ::Jo gas o industry o operate o within o t 
2011). Do Many :Jo of Do the :Jo aforementioned ::Jo facilities :Jo are :Jo permitted ::Jo to :Jo disch.: 
concern :Jo (MacDonald Do et o al. :Jo 11D9..1Q:o:::fil:runi DD aandIDr :Jo instance, o 51 o spills Do 
from o various o facilities :Jo q~:JOffipiMddufJo in o 2007 o (MacDonald :Jo et :Jo al. o 
2866 o sites :Jo listed :::Jo in =:Jo Canada's o Contaminated :Jo Sites o Registry :Jo nearly :Jo 15 
were :Jo located o inetld::lhlR.iillfrFOOwatershed :Jo (MacDonald o et o al. :Jo 2011). o o Th 
contaminated :Jo sites :Jo is :Jo currently :Jo estimated :Jo to :Jo exceed :Jo 5,o::DD :Jo (MacDonald 
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Do 
Human Do activities Do also Do co~d:1funvre o pollution o to Do the Do Fraser Do River. 
management o activitigsjci.Illmural Do operations, o and Co stormwater o runoff Do can Do conta 
sediment, Do fertilizers, Do insecticides, o fire Do retardants, Do and o other Do contaminants 
2011, o Nelitz Do et Do al. Do 2011). Do Do MacDonald Do et co al. o (2011) Do indicate Dos 
suspended Do solfi::lt) nutrients, o metals, Do phenols, o and Do total Do hydrocarbons Do have = 
the o Fraser Do River qpi}~d:1funvres. Do Do Finally Do atmospheric Do sources Do of Do pol 
persistent o organic Do pollutants =:Jo and Co mercury, Do which o can Do also Do imqbact Do ac 
et Do al. Do 2005), Do include Do forest Do fires, Do volcanoes, Do and Do carbon DffJemissions D 

0 
Land Do usro Do Do 

Do 
Nelitz o et Do al. Do (2011) Do additionally Do examined =:Jo impacts Do of :Jo mining, o forestr 
hydroelectricity, Do urbanization, o and Co water Do use eJiWviimonrnmehe oa WH:t~tkneifJOJo 
potential Do impacts Do on Do Fraser Do River Do sockeye JIIDsalmon Do populations. Do Do 

0 
Mining Do 
Several Do types Do of Do mining Do take o place Do in Do the Do Fraser o Basin Do (Figure = 
mining, Do industrial Do mineral Do production, Do metal Co min~reo:::mlallifl illftlcoad) gas Do pro 
mining. o o At o least Do one Do operating Do mine, Do Gibraltar, o produces Do acid Dom 
with o high o levels Do of o dissolved o copper Do and Do other Do metals, o exceeding ( 

igure :Jo 2. Do Do Distn u 
large :Jo mines :Jo in :Jo the :Jo Fraser :Jo River • 
et :Jo al. ::::J0:/1011 

22 Do August DOi<l011 

effluent Do discharge Do criteria =:Jo by o several []( 
orders Do of Do magnitrngtono:::{!Bralil.d Do 
Ferguson Do 1987). Do Do Placer Do mining o is = 
dominant Do mining Co activity Do in Do the Do basi 
may Do have o the Do most Do significant Do impac 
salmon Do due Do to Do sedimentation Do effects Do 
(Nelitz Do et Do al. =rm 2011). Do 

=iDio=io Do 
Hydroelectric Do 
Two Do large Do hydroelectric Co projects Do within 
the Do h;lSilo the Do Bridge/Seton Do River Do power 
project Do and o Alcan's Do Kemano Do Project Do 
Nechako Do River Do that o affect Do water Do 
temperature Do and o flow, Do at o times o inhil 
migration o ability Co of Do sockeye Do salmon Do 
(Nelitz =:Jo et Do al. o 2001). Do Do Do Small =:Jo s 
hydropower o projects, Do which tJCiioan Do affec 
Total o Gas Do Pressure Do (usually Do nitrogen De 
supersaturation), o gravel =:Jo supply, Do and o wa1 
temperature, Do also Do exist Do in Do the Do basein 
though o in o fairly =:Jo low Do numbers Do (about 
Nelitz Do et Do alnoo 2011). 
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Urbanization Do 
Water o demand Do was Do associated Do with Do high Dy filihlan:::mommu;it:OO,pillitililmrgeDo of D1 
Fraser o River Do basin. Do Population Do growth, Do associated Do with o urbanization, Do wa 
Fraser Do aiiJ2159mo in o municipalities Do upstream Do of Do Hope, o British o Columbia o 
years. Do o Urbanization Do caused Do alteratioimt:::IOO:mrom salhimpemmb.ali> o surfaces Do 
including Do roads, Do changes Do in Do hydrology, Do stream Do crossings Do and Do channelizat 

Do 
:Jo 

Forestry Do 
While Do forest Do harvest Do has :Jo decreased Do significantly o in :Jo recent :Jo decades, Dot 
stream o crossing Do p~<n:re:Jo in :Jqb21wning:Jffl€1 areas Do and o migration :Jo corridors ~ 
(MOE Do 2008). :Jo Do Road Do crossings Do often o serve o as Do barriers Do to Do fish Do 1 

1998), Do an Do integral o aspect o of Do the Do life o history Do of o anadromous Do salm< 
Further, :Jo up :Jo to Do 90% Do of wiii:elneheill;a~waa ifilo::::ffi~d o by Do Mountain o Pine 
infestation, o potentially Do increasing o fire :Jo risk Do and Do sedimentation Do as Do well Di 
hydrology Do (Nelitz Do et Dff:al Do 2011). Do Do 

Do 
Agriculture Do 
The :Jo land Do area o occupied Do by Do agriculture Do has~ illo~ed oa in:JQ]JjgiieuIImpasU 
can :Jo cause Do physical :Jo alteration o to Do streams, Do riparian Do zones, Do and :Jo floodpl 
sedimentation o and :Jo destabilize Do stream o banks :Jo causing o widening :Jo of Do stream 
vegetation Do which o can Do increase Do stream o tempili:;atOOE5'1.Jbs:ill]_oo.MJbJictJCl:lkID.6reasing Do 
runoff; o dewater Do groundwater Do sources Do important o to Do maintenance Do of o strec: 
temperature o regimes; Do increase Do biochemical Do oxygen :Jo demand; o introduce o path< 
increase o sedimentation, :Jo nutrients Do and Do contaminanatiOTI$tfiltIDoghD5JfuatlfllDlbie, Do 
fertilizers, Do and Do pesflrndes. 

0 

Predation Do 
0 

Predation Do of Do sockeye o salmon o occurs o in Do both Do freshwater o and Do marine 
Christensen Do and Do Trites =:Jo (2011) Do reviewed o available :Jo literature Do on o predatio 
largemouth Do bass o a~e:Iloweilo::pi}.reh =rm are o introduced Do species Do in Do the :Jo water: 
known Do to o feed Do on Do salmon o species, Do but :Jo little :Jo data o exists :Jo regardin~ 
(Christensen Do and :Jo Trites Do 2011). :Jo Do Hatchery =:Jo and Do wild Do salmon Do both :Jo 
prey o upon :Je sa~pendix :Jo 1, Do Kostow Do 2009, o Tatara o and Do Berejikian Do 20· 
2011), :Jo although :Jo impacts Do are Do not o well Do documented :Jo in :Jo the Do Fraser Do 
enhancement =:Jo facilities :Jo in o the o Fraser o River Do Basin :Jo are o listed Do below c 
to :Jo predatffimn o hatchery o fish, Do hatcheries Do are Do a :Jo source :Jo of Do potential Do 
have :Jo additional Do negative Do ecological Do effects Do on Do wild Do salmon Do populations 
al. :Jo 2009~ 

Do 
Climate Do Chalf/Ji! 

0 
In British Columbia, minimum temperatures have increased 0.1 7°C per decade and precipitation 
has increased by 22% per century (Hinch and Martins 2011). Climate change has already caused 
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earlier snowmelt in British Columbia rivers (Stewart et al. 2005), and water temperatures in the 
Fraser River have increased at a rate of 0.33°C per decade, increasing overall water temperature 
by about 2°C in the past 60 years (Chittendon et al. 2009). Lakes in the region are also warming, 
altering timing of spring ice break-up and lake turnover (Schindler et al. 2005). 

Temperature related factors have also received a great deal of attention with respect to a marked 
increase in mortality during river migration and on spawning grounds (Hinch and Martins 2011). 

Do 

Eggs. Although sufficient data is lacking to thoroughly examine potential impacts of 
increased rainfall resulting from climate change, it is possible that increased rainfall is 
causing increased scour of redds, thereby decreasing overall egg survival (Hinch and 
Martins 2011). 
Fry. Temperature increases may be facilitating increased predation on lake-rearing 
sockeye fry (Hinch and Martins 2011). 
Adult migrants. Warmer river temperatures appear to decrease survival of adult 
migrants, particularly in early-run stocks, likely from a combination of exposure to 
temperatures above the 18 C thermal tolerance, increased energy required for migration 
at higher flows, and combined higher metabolism in elevated temperatures (Eliason et al. 
2011, Hinch and Martins 2011). Pathogens including Parvicapsula minibicornis also 
develop more quickly in warmer temperatures (Cooke et al. 2004, Crossin et al. 2009), 
increasing physiological stress and decreasing swimming performance of adult migrants 
(Bradford et al. 2010, Wagner et al. 2005). Earlier migration timing, likely related to 
elevated temperatures, has coincided with en route and pre-spawning mortality exceeding 
90% in some years, impacting larger stocks and pushing already threatened stocks such 
as Cultus Lake to near extinction (Cooke et al. 2004). These trends are expected to 
increase as climate change progresses (Hague et al. 2011, Rand et al. 2006). 

Marine Do environmmftr Do the Do FraserJOJo River 
Do 

Contaminants Do 
0 

The Do Strait Do of Do Georgia o is Do bordered o by Do British Do Columbia's Do main o po1 
Vancouver o and Do Victoria. =:Jo =:Jo Aboot:JI1~BD&ticillonfl i:So~mmated o to =:Jo result =:JO th 
disposal Do of =:Jo liquid Do and o solid1tia~Sle c1fltifu:im DD {cMt1E =:Jo 2006). o =:Jo Household 
generate Do about1~0 of =:Jo that o wasttfili~<lj_as JI:ffitfvom o industrial Do sources o (l\/ 
2006). =:Jo =:Jo Despite Do vast =:Jo inpru:iatkmSJffJmofJOJfuthose µJo areas Do (Johannes Do et Do al. 
contaminants =:Jo in Do the Do Strait =:Jo of Do Georgia o show Do a =:Jo general =:Jo improvement 
management o practices =:Jo including Do recycling Do programs o and Do secondary =:Jo or ob 
treatment =:Jo have o improved om =n«»(¢cfln.hnes )lea et o al. o 2011). Do Do In Do the =:Joi: 
polychlorinated Do biphenyls =:Jo (PCBs), o mercury, Do dioxi~~tinor:fl@rarer,e JI:Mri 
documented =:Jo at Do much o higher =:Jo concentrations Do in Do waters, =:Jo sediment, =:Jo and :Ji 
other Do biota o in Do the =:Ja Sfiffi(~ofimmfeSJffJ®artrgilo al. =:Jo 2011). o Do Pulp =:Jo and =:Jo pape 
shores =:Jo of Do the =:Jo Strait Do were Do a =:Jo major Do contributor =:Jo of o contaminants =:Jo at 
effluent Do treatment =:Jo improved. Do Do In :Jo recent Do decades, Do polybrominated o dipher 
care o productcl Do 1tharmaceuticals =:Jo have =:Jo increased =:Jo in =:Jo the =:Jo Strait =:Jo of =:Jo Georg 
2011). =io 
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0 
Land/Marine Do Waters Do Use 

0 
Shipping :Jo and :Jo marine :Jo vessels :Jo transport :Jo most :Jo goods ::Jo and :Jo services :Jo acre 
be o a :Jo source :Jo of :Jo noise, :Jo contaminants, ::Jlrb.qmt~ra[) ~$ills;J5Jihllmtlwtlllons :Jo 
through :Jo ballast :Jo water :Jo exchange, ::Jo though :Jo Johannes :Jo et :Jo al. :Jo (2011) :Jo concl 
traffic o has :Jo only o limited :Jo direct o interaction :Jo with :Jo sockeye :Jo habitat. :Jo :Jo l 
main :Jo navigation :Jo channel oat :Jo the ::JlO molRilveEOJ::ff lzyo!IlWEthll&Ftasaneters o over :Jo tl 
years, :Jo though :Jo dredging :Jo activities o are :Jo limited Co to Co periods :Jo when :Jo sockey 
estuary :Jo (FREMP o 2006). :Jo :Jo ::Jo Dikes o are o extensive o throughout :Jo the :Jo lo\!\ 
causing o an :Jo estimated :Jo 40% IIffiihafilfuthfillifil:ffirfrea oa){l.::JilG1.J.tlHhlgh Co their Co 
construction :Jo has o slowed :Jo in o recent :Jo decades :Jo and :Jo some :Jo have :Jo been :Jo 
habitat :Jo (Johannes :Jo et ::JI10.l. :Jo 2011). 

0 
Predation Do 

:Jo 
Significant o marine :Jo predators :Jo of :Jo Fraser :Jo River :Jo sockejay::::Jil&adogdmhDoffilay o in 
(Squalus :Jo acantpiaso salmon oJsd:iim1ky; D«hcf_ipipsBo and ::Jo daggebiaouptera.s( :Jo 
nikparini; Christensen o and :Jo TritesHaftilii)'l'.D)J sel?'irmfilo ta vitunmlnalilti) Co and :Jo Steller :Jo 
sea :Jo liamniBtbpias :Jo jub~are aTuID :Jo common :Jo predators ::::Jd:OORte:aoma\dranrntirally o 
since :Jo their Do protection o in :Jo 1970 :Jo under :Jo the :Jo Fisheries ::Jo Act :Jo (Forrest :Joe 
Trites :Jo 2011). :Jo o While ::Joa1npifdl:: :::c:ffillnmriygs:::m)Xpa@/arid Q&dmd=rGo ( 
macrocephalus) a::IJ® o unlikely :Jo to :Jo prey 'Jo upon :Jo so~ 'iffiauarnillla:JO&tiialcy, IIm 
competitor o for :Jo food o in :Jo the :Jo Strait o of :Jo Georgia :Jo and :Jo have :Jo been :Jo ir 
decades :Jo (Christensen :Jo and :Jo TOOs :Jo 2011). 

0 
Many :Jo~ :Jo introduced Do species :Jo in o the ::Jo Strait :Jo of :Jo Georgia :Jo also :Jo pre 
with o Fraser OO&vye :Jo salmon. :Jo ::Jo The :Jo Strait :Jo hosts :Jo an Co estimated Co 117 ::J, 
more :Jo than ::Jo twice :Jo the o number o found :Jo throughout :Jo the o remainder :Jo of :Jc 
result :Jo of o human o population :Jo growth, ::Jo aquaculture, :Jo and :Jo shipping :Jo activities 
2011). ::::JtfuileJO::Wavailable :Jo data :Jo is o inconclusive, o the o recently :Jo documented o Ht 
(Dosidicus :Jo gJ§iiimgrove o 2JHISJ may o prove :Jo to :Jo be :Jo significant :Jo predators :Jo of ::J 
(Christensen :Jo and :Jo TritesDI1o 2011). 
co 

Christensen ::Jo and o Trites :Jo (2011) o indicate ::Jtt\ttffifte:Xl3ti$lsUiffit:riJefil:o'aofiliuately :Jo identify 
key :Jo predators :Jo of :Jo sockeye :Jo salmon ::Jo and o their Do overall o impact, :Jo as :Jo WE 

critical :Jo cumulative :Jo impact :Jo of :Jo predation :Jo overall :Jo on :Jo sockeye :Jo in :Jo both = 
freshwater :Jo environmenOO :Jo 

0 

Climate Do Chalflli! 
0 

Major :Jo cyclro associated o with o climate :Jo and :Jo sea :Jo surface o temperature o in o 
Ocean, :Jo the om Elo!Sot.Nhern :Jo Oscillation =:Jo (ENSO) :Jo and 'Jo the :Jo Pacific :Jo Decadal o C 
have :Jo exhibited :Jo pattern :Jo changes 0 inBeafun~nIJ~eK;:aaJ<ffiMafitpa ::::J)J ero:::JOJ;jj_. :Jo 1997 
Marine h:afiitat :Jo for :Jo Fraser :Jo River :Jo sockeye :Jo salmon, :Jo the :Jo Strait :Jo of :Jo Georgi< 
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a a a a g a Chittenden 'Jo et =:ID)l.Dmalld09o cp>Ht =:Jm amd o salin 
have Do decreased o in Do the Q8ffi>iIDD'ZJo M'ill'he :::rm period Do fr6IBO'SoullEt:oD:Otfu.tthe JI:M1 
present Do experienced 'Jo warmer 'Jo conditions 'Jo than 'Jo those Do during 'Jo the =:Jo previous 
1940 o (Figure o 3, =:Jo Johannes o et :Jo al. :Jo 2011). 'Jo :Jo Sea o surface =:Jo temperature 
1.5 °Dofil0Jo the 'Jo past ::TihrifullilEJiear© eEG::(o al.w0orn009J.o tenaqtmres 'Jo are 'Jo coincident 'Jo 
with o blooms o of :Jo the ~~a=~~@ma hl:cfums Do can o cause Do salmon 'Jo 
mortality o through o diminished Do respiratory o function o and Do ability o to =:Jo uptake 
al. Do 201n~ 

=:Jo 

=:Jo 
Figure ::::JO::m ~go time :Jo series :Jo of SiWD.ontJ:ilttelft.J'leaature :Jo anomalies :Jo f~e :Jo long 
mean :Jo from 1'.lilllB6Jo from :Jo Entrance :Jo Island, :Jo central :Jo Strait :Jo of :Jo Georgia, :Jo BEO::::Jo (From ::::J 

:Jo 
Temperature =:Jo changes Do may Do also =:Jo be =:Jo causing =:Jo a o decline :Jo in =:Jo zooplankton, 
for 'Jo rearin~eye so<D salmon :Jo (Figure :Jo 4, :Jo Johannes =:Jo et o al. o 2011). 'Jo =:Jo Decline 
taxa o coincide o with :Jo increases =:Jo of =:Jo other :Jo species =:Jo which o sockeye Do may < 

food =:Jo quality =:Jo is Do considerably :Jo lower :Jo wiqfi:a~tsrnHHafJOJ~.crui6:6ilm;09J)J (:E~ =:Jo Ove 
Johannes =:Jo et :Jo al. :Jo (2011) ;\ ~~~~1 .. ~~ ;\ 

that =:Jo warming =:Jo temperatures 
coincide Do with :Jo declining =:Jo 
availability =:Jo and =:Jo quality, o 
may o limit =:Jo sockeye =:Jo grow 
decrease =:Jo conditirum 

=:Jo 
=:Jo 
=:Jo 
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0 
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0.. 
0 
0 

0 

a 

Figure ::::Jo 4. ::::Jo ::::Jo Declining ::::Jo zoop 
(Neoclanus spc} :Jo abundance :Jo in :Ji 
Strait :Jo ofrgiiGeb') :Jo From :Jo Joha 
MacDonald :Jo 20Gm 2000 2001 2002 2003 2004 2005 2006 2007 

=:Jo 
DC) 

Fisheries Do Management 
co 

Fraser Do River Do Mana!Jitment 
0 

Management o of o Fraser =:Jo River =:Jo sockeye :Jo and =:Jo other Do salmon =:Jo falls Do under 
Due =:Jo to =:Jo the =:Jo international =:JOirmijJe}g:::JOi®f>cill~ayie,rin® the =:Jo fishecyouo iSJO:::tdhsufi~ 
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international o Pacific o Salmon :Jo Treaty o between :Jo the :Jo U.S. :Jo and :Jo Canada :Jo an1 
six Do agencies :Jo (English o eroDo al. :Jo 2011). 

Do 
Canada's Do main 'Jo legal :Jo tool Do for Co sockeye Do salmon Do habitat Do conservation :Jo is 
place Do since Do 1976. o OW'lla.s::JffJA<the:::Hilaakfred Do to :Jo protect :Jo physical Do habitat o 
stages Do of :Jo sockeye, o including o their o food :Jo sources o and Do the Do quality o o 
live :Jo (Johannes :Jo et 'Jo al. Do 2011). :Jo Do A 'Jo "net =:Jo gain" Do in :Jo overall :Jo acreage = 

through Jilltlcil.tion Do of Do development, :Jo restoration o of Do lost Do or :Jo damaged o habit< 
'enhancement' Co in :Jo the :Jo form 'Jo of :Jo hatcheries Do and o spawning :Jo channels. :Jo D1 
and o compensation Do projects o have :Jo been Do (WillHmlliVB,0 2))~r:::filmatcheries Do 
have :Jo unintended, :Jo negative :Jo ecological :Jo impacts :Jo on :Jo sockeye :Jo salmon :Jo (see -
2009). co 
co 

Escapement :Jo targets, :Jo set :Jo annually :Jo under Do the :Jo Pacific :Jo Salmon o Treaty :Job.) 
are Do complicated :Jo by Do the :Jo cyclic Do nature :Jo of Co rna~tfilg FJJ;ID;;~fili\Tfe@ o stock: 
variability Do in o returns :Jo (English Do et Do al. Do 2011). Do :Jo Further, :Jo measurement c 
complicated o by :Jo en o route Co loss :Jo of o sockeye :Jo (Figure :Jo 5). :Jo o Escapement 
the o Early :Jo Stuart :Jo socke~nm Do lZ'ftfiUeJa:::t0.icgtts o were :Jo met, Do English :Jo et 
(2011) o conclude :Jo that Do overharvest o likely :Jo occurred :Jo in :Jo Ear~af0Sittmart :Jo soc 
and o for Do Early Co Summer o so(i:W~dl)(rlflguneOUflft)6~. Co 

0 

~~~~~~~~~~~~~~~~~~~-.~~~~~ 0 . 
Figure :Jo 5. :Jo :Jo Estimates :Jo of :Jo total :Jo caitihj:6d:rft~llmW.T:Jiilelifidkeyreru~ fiih 
group. ::::JQirodJ:Sroo losses :Jo were :Jo not :Jo estimated :Jo prior :Jo to :Jo 1992:.JOJo :Jo From :Jo English :Jo et 

Do 
Bristol Do Bay Do Management 

co 
English Do et Do al. o (2011) Do reviewed :Jo differences :Jo in :Jo management o structure :Jo 
and o the Do Fraser Do Rivehe:JI10.lfi<olllowingidro :C:(Qticlusions. o o While :Jo the :Jo Fraser Do f 
to :Jo a :Jo complex, :Jo international :Jo management :Jo structure, :Jo management :Jo of :Jo Brist 

22 :Jo August :JOi<l011 9 

EPA-7609-0002962_0011 



entirely :::Jo within o the o Alaska :::Jo Department Co of :::Jo Fish Co and o Game :::Jo and o fot 
Biologists. o Co The sufi51implffiJo::olfi Co Bristol Co Bay 'Jo management :::Jo allows o for :::Jo chan 
regulations Co on ~~Cfla.)basis Do during :::Jo the o fishing o season, Co while o managemE 
require Co a :::Jo much :::Jo lengthier Co process :::Jo for o Fraser Do River o sockeye. :::Jo o MixE 
also Do rfiflHy :::Jo minor o in :::Jo Bristol :::Jo Bay Do due :::Jo to :::Jo the Do terminal Co nature :::Jo oJ 
districts Co for Co nine :::Jo stocks, :::Jo compared Do to o the ~er:io::gr~ JI:ffiwlhbl:h JI:ffifour 
consist :::Jo of :::Jo more o than o 25 o stocks. o o Gear Co types Do armJahrfilfud :::Jo in ::J 
River. Co Do Further, o due o to Co relatively :Jo high 'Jo escapement Co and o low Co hum2 
Bay o region, :Jo recreational :::Jo and Co subsistence o fisheries :::Jo in :::Jo Bristol Co Bay :::Jo amc 
total o harvest, Do while o First o Nations :::Jo and :::J&recreatJimxm0l DlUililgkatiillll6 iillOJo the o 
densely o populated o Fraser :::Jo River. :::Jo Co Bristol :Jo Bay's :::Jo sockeye :::Jo runs o are :::Jo• 
with o a :::Jo typical Do season Do lasting o six :Jo weeks :Jo compared :::Jo to :::Jo more Co than 
River. 'Jo Co Overall, o Bristol o Bay o l$*dlitSJitpOCmtinlicfJo:m filO 00\Amlny :::Jo stocks :::Jo and 
history Do types :Jo exploiting :::Jo multiple :Jo large, Do productive :::Jo rivers, o resulting Do in 
fisheries o closures o (Schindler =:Jo et =:Jo al. o 2010). :::Jo :::Jo In :::Jo contrast, :::Jo Fraser :::Jo Riv 
limited :::Jo or :::Jo closed tmD filo OOtsiXJG::2ffifiJo years. 

0 
Wide :::Jo fluctuations o in Co sockeye Do returns :::Jo to Co the :::Jo Fraser o River Do (Figure :::Jo 
adjust o goals :::Jo every o year, Do resulting o in :::Jo overharvest 12tllliill1GJG:lfume Oo stocks. :::Jo 
variability :::Jo in Co returns Do allows Co Bristol o Bay Eillonm~meoto::JOig(Dl])e JIHimseJcOi fil:o o 
maximum o sustained Co yield Co principles. :::Jo o Finally, Co escapement :::Jo estimates :::Jo in 
significantly Co more :::Jo accurate Do than Co those Co in o the o Fraser Do River Do owing De 
counts :::Jo and :::Jo sonar :::Jo upstream :::Jo of :::Jo each;hBfim Do tbe:::mffictamhrutoifila)UOJfl vs. Co esse 
one Co hydroacoustic Co site :::Jo in o the Co Fraser Do River) o and :::Jo the :::Jo fact Do that :::Jo 
to :Jo the Do very o high Co en Co route Do mortality, :::Jo to :::Jo which :::Jo some :::Jo (up :::Jo to :::J 
subject :::Jo to :::Jo between :::Jo enurmpmmining:JffiargtounaJ~ 
co 

Influences D ~fil>D Do Bay Do and Do Fraser D cilliver Do sockeye 

Due o to :::Jo their :::Jo economic Co importance Co and :Jo historically Do high :::Jo returns, o Bris 
River Co sockeye o salmon Co have o been Do compared :::Jo in Do recent Do months. :::Jo Do P 
in Do Bris~ Do Bse :::Jo the :::Jo Fraser :::Jo River o as :::Jo an :Jo exampffi(Jffltfiigf Do mining :::Jo and 
(Joling o 2011). Co 2-0:IM~ffiJo watershed o area Co of Co the Co Fraser :::Jo Basin o more 
Bristol :::Jo BayF.raser :::Jo River o sockeye :::Jo abundance Co pales Co in :::Jo comparison Do (Figure 
though tli(f} o Kvichak :::Jo River o listing Do as :::Jo a Co stock :::Jo of :::Jo concern o (Morstad Do, 
sockeye Do are Co not Co currently o experiencing Co the Co types :::Jo of :::Jo declines Co exhibitE 
Possible :::Jo reasons :::Jo for :::Jo these :::Jo differences :::Jo abound, :::Jo and :::Jffia :::Jo few :::Jo are :::Jo dis 
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0 
Figure 6:JOJo :Jo Bristol :Jo Bay :Jo (blue) :Jo and :Jo Fraser :Jo River :Jo (red) :Jo total :Jo runs :Jo (catch :Jo+ 
Averages :Jo for :Jo each :Jo river :Jo are :Jo inclla&tedo:::I&hy IJ() ~nglo::ZOlllffiJo and :Jo PSC 
~a 

Habitat Do 
:Jo 

Bristol :Jo Bay o encompasses :Jo nine fi:(fl:imcij:filan~ wfthm; :Jo a o drainage o area Do of o c: 

km2 (m:ms ::Jo 2011), o while Do the ::Jo Fraser :Jo River :Jo watef'~n:ODlsaminsoJH~ 2:3'EalDOJdJo 
2006). Do :Jo Further, o the o two ::Jo basins ::Jo are ::Jo subject ::Jo to o opposite :Jo trends = 
Bristol :Jo Bay o is :Jo expementing>radth:itghity, o the ::Jo Fraser :Jo River :Jo and :Jo other o U 
rivers ::Jo experience :Jo lower o producti~ua:o:Jrht Do a'tlanfua99'!;,and ::Jo Hare ::Jo 
2002). o ::Jo The ::Jo Bristol :Jo Bay ::Jo basin :Jo was :Jo recently o ranked ::Jo as ::Jo containing 
complex ::Jo habitatn.iglldlht :Jo the :Jo range o of o Pacific ::Jo salmon, o making :Jo it :Jo more 
impacts :Jo of o climate ::Jo change ::Jo (Mantua ::Jo and o Francis Do 2004, o FLBS :Jo 2011) = 
watersheds ::Jo supporting ::Jo salmon, ::Jo including ::Jo the ::Jo Fraserrnrn River ::Jo (FLBS ::Jo 2011). 

::Jo 
Aquaculture Do 

::Jo 
In ::Jo additti«Dn:JCI1fuanagement :Jo practices ::Jo (reviewed ::Jo by o English o et ::Jo al. :Jo 2011), 
note o that :Jo major Do aquaculture o activities o in o the o Fraser o River ::Jo basin o < 

those :Jo in o Bristol o Bay, ::Jo where o aquaculture ::Jo is ::Jo prohibited. :JmnrnHAbout ::Jo 70 
the o migration o route Do of ::Jo Fraser :Jo River :Jo sockeye :Jo salmon :Jo (Price :Jo et o al. 
research ::Jo is o controversial, :Jo farms :Jo have ::Jo been Do associated :Jo with :Jo increased :Ji 
lice :Jo and :Jo(dlsiE!Pse:::JOJet o,aDOJ.\7Ii210t1Do et 0 al. ::Jo 2011). :JcrvfilmlGllibaHypffJo marine :Jo Sl 

abundance ::Jo is ::Jo reduced ::Jo in ::Jo areas ::Jo supporting ::Jo aquaculture ::Jo (Ford ::Jo and ::Jo M) 
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Do 

Do Fraser Co River Do sockeye Do from Do aquaculture Do activities ~ 
=rD0 Do 

Further, o in o response Co to Do population o declines Co of Do Fraser Do River Do sockeye, 
government Co operates Co nearly o 30 ::Jo hatcheries Do in o the o basin ::Jo (MacDonald o 
1). Do Co Unintended o effects Do of Co hatcheries Do include Do increa3eli DD et:dTifrnhceJOJo o 
2007), Do direct ::Jo predation o of =:JO wild Co fish Co by o hatchery Do fish Co (Naman Co anc 
competition Do for Do food Co resources o (Dittman Co et Do al. Do 2011 Do in Do press) o an 
environment Do (Tatara o et o al. Do 2008), Do in Do estuaries QIJ cm.{t{.uggmtonro filo eto2611), 
al. Co 2011). Do o The Do end Co result Do of Co competition Co is o decreased Do productivi 
2009). Do Co Bristol Do Bay :Jo does Do not o support Co any Co salmon Co hatcheries, Do and 
prohibited Do in Do the Do Bay Do and Do throughouCOio the Do State Do of Do Alaska. 

0 
Human Do«lapment Do 

0 
More ::Jo than Do~=rwof o British o Columbians Do live Do in o the Co Fraser Do River 
overall Do population Co of Do 2.73 Do million DEB©sfi:llemJUDJ«I) inJG::lffOOfi6 • 'iffic(f Do human Do ac1 
including Do urbanization, ::Jo forestry, Co mining, Co agricult13re;Jfflilrhtxrnhu:ltlionat:::J'p0&GJ non 
native :Jo species, ::Jo and Do other Co factors ::Jo are =:Jo widely o considered :Jo to Do be o a 
declines o of Do salmon Co worldwide Do (NelHs.Er"tma:n filo~ allo1J5:::::ffila)~istol Co Bay =:Jo 
currently Co supports Co only Co about Do seventeelllie:S,o:sJIID.alidDIQ<O:GBITillfup©pulation Do of :Jo less 
5000 DGIµ Do 2Jl1Do Do At Do present, Do the Do region Do does Co not Co support Do major 
human Do activity. ::Jo Co In Do contrast Co to Co the :Jo water =:Jo quality ::Jo problems Do in De 
above, Co available Do data o for Co wateOO B~nDOivagiemDOJ8tiRl:iI:ai~jl~ LJ®well 
conditions Do with Do low Do concentrations Do of Do dissolved Do matalIDwa:::alrb.GIJlIIDfuther Do so 

0 
Cumulative Do impctntJ; 

0 
The Do analysis :Jo conducted Do for Do the 'Jo Cohen o Commission ::Jo is Do limited Co to o 1 
River o sockeyelin:ID> ::Jo within Co the Do past Do twenty o years, o during Do which Do declir 
noticeable Do and Do commercially Co problematic Co (Pacific Do Salmon Do Commission :Jo data) 
of Co the Do reports o released Do to Do date Do conclude D!~~ftig:JQ]lfuclatine::JOJffianmi Co other 
insufficient OIO::lo thoroughly Do examine o the :Jo factors o in Co question Do (Cooke o et o 
and o Trites Do 2011, Do Hinch Co and o Martin Co 2011, Do and o others). Do Do The Co ii 
individual Co potential Co factors Co in :Jo declines, o failing :Jo to Do consider Do the o syner~ 
factors Co combined. o Do Christensen o and Co Trites o (2011) Do conclude Co after o the 
of Do sockeye Co salmunnlll1ctftiue oa 'threats o are o far Do more Co difficult Co to o evaluate 
factor. Do =:Jo In Do the Do case Co of Do Fraser Co River o soc~ Do tainpmp.tufust:rem Do fn 
more c~G:Jo competition Co due Do to Do increased Co escapement Do with :Jo resulting Do lo 
running Do the :Jo gauntlet Do through o predators 'Jo whose Do alternative 'Jo prey Do may Co 
all o have Do had Do cumulative o effects. Co Do Asse~ngo~ tiie ill&a.imfilati<teD[}ffiilifHc :Jo 
stresses Co will Do require o integratell oa e1'ahPc.Hti(f]I11lan Do et Do al. Co (2011) Do indicate o 
"should Do not o necessarily Do expect Do to Co find Do a o single Co dominant 'Jo cause Do o 
sockeye." o DoHfmhljy(in:::lftess), in Co a o papmrrngo::::prfal:aser o sockeye Co response Do to Co 
climate Do change, Do indicates Do that Do the Do cumulative Do impacts Do of Do climate Do cha 
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will mruth ::Jo greater ::Jo than o the o impacts o on ::Jo individual ::Jo shiglm:tSJOJBe ::Jo concl 
will o also ::Jo carry o forward :::JOrtriiOfuQ file pofum:Kt:ll¥J~hm.ding :Jo to ::Jo a o downward ::Jc 
productive ::Jo capa<'.:ittiJik}icting o a ::Jo future o for ::Jo Fraser ::Jo River ::Jo sockeye ::Jo salmon :::J, 
major o salmon ::Jo rivers 'Jo south ::Jo of :::J«bitst::whaieraglriilihtme extitfxamficfrom 40% 
of their former range (NRC 1996). 

Conclusions Do 
0 

Fraser ::Jo River 'Jo sockeye ::Jo salmon ::Jo populations o are 'Jo suffering ::Jo from ::Jo a ::Jo myria 
associated ::Jo with ::Jo urban o and ::Jo industrial ::Jo development, o leading ::Jo to o dramatic 
productivity, ::Jo multiple ::Jo fisheries 0 closures, ::Jo amrrtatiOOderfilo popuidtinn iillo listings. ::Jo :::J 
In ::Jo freshwater, o contamination ::Jo from 'Jo mining, Do wood ::Jo product ::Jo and o other Do 
wastewater ::Jo treatment ::Jo plants, ::Jo landfills, 'Jo and ::Jo salmon o enhancement ::Jo facilities = 
and o spawning Do channels) ::Jo has :::Jffiti:mln CIM:ofJI:ffi::«»mnrfiln 5000 ::Jo sites, ::Jo causing o pro 
with o pH, ::Jo TSS, ::Jo turbidity, o nutrients, ::Jo metals, ::Jo phenols, o personal ::Jo care o pre 
pharmaceuticals. ::Jo ::Jo Introduced o predators o such ::Jo as o yellow Do perch ::Jo and ::Jo sn 
as o hatchery o fish o may ::Jo also eiO ifilPimtk~FOOEin Do Rill ::Jo freshwater ::Jo environmen 
finally, o increased ::Jo river o temperatures o resulting ::Jo from Do climate o change 'Jo are 
higher Do mortality o of ::Jo sockeye ::Jo en =:Jo route ::Jo to ::Jo spawning ::Jo grounds, ::Jo likely =:J( 
physiological ::Jo stress ::Jo at =:Jo highmes~([firlIJnrnai.tsed ::Jo swimming ::Jo efficiency, ::Jo and ::Jo fast 
development ::Jo of ::Jo patliligens. 

::Jo 
In o the o marine ::Jo environment, ::Jo industrialization o and ::Jo urban ::Jo growth ::Jo has o 
the o Strait ::Jo of ::Jo Georgia ::Jo by ::Jo polybrominated ::Jo diphenylethers, ::Jo personal ::Jo care = 

pharmaceuticals. ::Jo ::Jo Dredging ::Jo and ::Jo diking ::Jo has ::Jo reduced ::Jo marine ::Jo and o estu 
Increased o ship ::Jo traffic ::Jo is o associated ::Jo with Do accidental o spills, iJOl tie, Do and 
native ::Jo species. ::Jo ::Jo Warmer o marine ::Jo temperatures ::Jo resulting o<fi:amrl o::ffi::limate ::Ji 
with o more ::Jo frequent Do harmful ::Jo algal ::Jo blooms, ::Jo resulting Do in ::Jo lower ::Jo oxygen 
environment, ::Jo as ::Jo well ::Jo as ::Jo decreased ::Jo zooplankton ::Jo levels ::Jo which ::Jo are ::Jo an 
salmon ::Jo food ::Jo Shl.J.rce. 
co 

Current o efforts ::Jo to Do understand ::Jo Fraser :::J<8iat:H:keffepruen±m:linfil ca;W;;~, ::Jo failing ::Jo to 
consider o the =:Jo synergistic Do effects ::Jo of o combined ::Jo stressors ::Jo such Do as =JO conta1 
introduced ::Jo predators, ::Jo climate ::Jo change, =:Jo and o others. ::Jo ::Jo Further, ::Jo current o; 
rely ::Jo upon o inadequate ::Jo historicaBii<Ehl aJall:mt~ffloWJo satisfactorily ::Jo define ::Jo baseline = 
conditions. ::Jo 

::Jo 
Given ::Jo their o distinct ::Jo physical ::Jo and ::Jo biological o nature, o as ::Jo well ::Jo as ::Jo va~ 
urbanization o and ::Jo industrialization ::Jo in ::Jo the ::Jo Fraser ::Jo River o basin ::Jo relative ::Jo 
basin, ::Jo recent ::Jo com;pfilm;;between ::Jo the 'Jo two ::Jo watersheds Do are Do suspect. ::Jo ::Jo Ho 
comparing ::Jo sockeye ::Jo salmon o populations ::Jo ale~ oa Brartdls c:IOfflaygest o sockeye o 
salmon ::Jo producing :::JG--s9iilltHmmbers ::Jo the ::Jo Fraser ::Jo River o by ::Jo four ::Jo times ::Jo in 
than o half Do its ::Jo ,.sizm tlJie) :::Iffi::brrlf'0.llison ::Jo between ::Jo the ::Jo two ::Jo systems ::Jo may ::Jo 
the ::Jo inability ::Jo of ::Jo human ::Jo d~e:efflt(mm.tviOO 'Lill ~n. 
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Appendix D thtmoii Do enhancement Do facilities Do in Do the Do Fraser Do River Do Basin. Do Do N/ A Do= Do iiidt: Do availc: 

Area of Interest/Facility Name 

Cultus Lake 
Chilliwack River Hatchery 

Fraser Valley Trout Hatchery 
Centre Creek Streamkeeper Program 

Harrison River 

Chehalis River Hatchery 
Weaver Creek Spawning Channel 
Fee Creek Spawning and Rearing Channel 

Lower Fraser River 
Inch Creek Hatchery 
Bell-Irving Kanaka Creek Hatchery 
Beecher Creek Streamkeepers 
Al Grist Memorial Hatchery 
Chilliwack River Action Committee (Trap 

Site) 
Stave Valley Salmonid Enhancement 

Society 
Nicomen Slough Spawning Channel 
Musqueam Creek Project 
Steveston High School Hatchery (on-site) 
Cougar Creek Salmonid Enhancement 

Group 
Hoy Creek Hatchery 

River Springs Salmon Enhancement and 
Stream keepers 

22 =:Jo August =:JOi<l011 

Facility Type 

Hatchery 

Hatchery 
Hatchery 

Hatchery 
Spawning Channel 

Hatchery 

Hatchery 
Hatchery 
Hatchery 
Hatchery 

Hatchery 

Hatchery 
Hatchery 
Hatchery 
Hatchery 

Hatchery 
Hatchery 

Hatchery 

Species Targeted 

Chinook, Coho, Chum, and Steelhead 

Native and Domestic Rainbow Trout, Anadromous 
and Coastal Cutthroat Trout, and Steelhead Trout 

N/A 

Coho, Chinook, Chum, Steelhead and Cutthroat 
Trout 

Sockeye, Chum, Pink 
Coho 

Coho, Chinook, Chum, and Steelhead Trout 
Chum, Coho, Pink, Steelhead, and Cutthroat Trout 

Coho, Cutthroat, and Rainbow Trout 
Coho, Chinook, and Pink 

Steelhead Trout, Coho, Chinook, Chum, and Pink 

Coho and Chum 
Coho and Chum 

Coho, Chum, and Cutthroat Trout 
Coho and Chinook 

Coho 
Coho 

Coho, Chum, and Chinook 

Organization 

DFO Operations 

Freshwater Fisheries Society of BC 
Public Involvement Programs (Volunteer) 

DFO Operations 
DFO Operations 

Public Involvement Programs (Volunteer) 

DFO Operations 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 

Public Involvement Programs (Volunteer) 

Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 

Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 

Public Involvement Programs (Volunteer) 
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Area of Interest/Facility Name 

Lower Thompson River 
Spius Creek Hatchery 

Loon Creek Hatchery 

Deadman River Hatchery 

Nechako River 
Nadina River Spawning Channel 
Spruce City Wildlife Fish Hatchery 

North Thompson River 
Clearwater Trout Hatchery 

Dunn Lake Hatchery 

Pitt River 
Upper Pitt River Hatchery 
ALLCO Hatchery 
Hyde Creek Hatchery 

Quesnel River 
Horsefly Spawning Channel 

Seton-Portage 
Gates Creek Spawning Channel 
Seton Creek Spawning Channels 

South Thompson River 
Shuswap River Hatchery 
Kingfisher Community Hatchery 
Adams River 
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Facility Type 

Hatchery 

Hatchery 

Hatchery 

Spawning Channel 
Hatchery 

Hatchery 

Hatchery 

Hatchery 
Hatchery 
Hatchery 

Spawning Channel 

Spawning Channel 
Spawning Channel 

Hatchery 
Hatchery 
Fishway 

Species Targeted 

Chinook, Coho, and Steelhead Trout 

Rainbow Trout and Kokanee 

Chinook and Coho 

Sock eye 
Chinook 

Rainbow Trout and Kokanee Salmon 

Coho and Chinook 

Chinook and Sockeye 
Coho, Steelhead, Cutthroat, Pink, and Chinook 

Coho and Chum 

Sock eye 

Pink 
Pink 

Chinook 
Coho, Spring, Sockeye, and Kokanee 

Sock eye 

Organization 

DFO Operations 
Community Development Program 

Hatcheries 
Community Development Program 

Hatcheries 

DFO Operations 
Public Involvement Programs (Volunteer) 

Freshwater Fisheries Society of BC 
Community Development Program 

Hatcheries 

DFO Operations 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 

DFO Operations 

DFO Operations 
DFO Operations 

DFO Operations 
Public Involvement Programs (Volunteer) 

DFO Operations 

ii 
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Area of Interest/Facility Name 

Upper Fraser River 

Penny Hatchery 
Anderson Lake Fish Hatchery 
Hells Gate Fishways 
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Facility Type 

Hatchery 
Hatchery 
Fishway 

Species Targeted 

Chinook 
Sockeye and Kokanee 

Sockeye, Coho, Pink, Chinook, Steelhead Trout 

Organization 

Community Development Program 
Hatcheries 

Public Involvement Programs (Volunteer) 
DFO Operations 
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